A per-survivor adaptive interference cancellation (PSAIC) decoder is proposed for group decoding of a space-time trellis-coded DS-CDMA system. To mitigate error propagation by tentative decisions, persurvivor processing is introduced to a group decoder with adaptive interference cancellation. It is shown that the proposed decoder outperforms conventional decoders without much increase of decoding delay and complexity.
Introduction: In a space-time coded DS-CDMA system, multiuser decoders have been studied to compensate for the severely reduced gain of space-time coding due to multiple access interference (MAI) enhanced by multi-antenna transmission [1] [2] [3] . As a multiuser decoder, the trellis-based group decoder reduces its computational complexity by decomposing a supertrellis for all the users in the system into several group trellises, each of which corresponds to a decoding group [4] . However, the performance of the group decoder is degraded by error propagation which occurs when it estimates the MAI by using a tentative decision in each state transition. As an effective alternative for the tentative decision in a trellis-based system, the per-survivor processing (PSP) significantly reduces the negative effects of error propagation [5] . In this Letter, we propose a persurvivor adaptive interference cancellation (PSAIC) decoder with adaptive interference cancellation based on PSP.
Space-time trellis-coded DS-CDMA system: Consider the uplink of a DS-CDMA system with K users, L transmit antennas and M receive antennas. The ith data bit of the kth user
. The encoded symbols of the kth user are spread by a unique signature sequence, a k ¼ [a k,0 , a k,1 ,. . . , a k,NÀ1 ], with the processing gain of N to be transmitted with symbol energy E s (¼ E b =L) where E b is bit energy. Let h k l ! m (i) denote the channel gain from the ith transmit antenna to the mth receive antenna for the kth user. During each symbol duration, N output samples from the chip matched filter make a received signal vector r k (i) for the kth user. The received signal vector is despread by the tap-weight vector w k (i) of the adaptive interference canceller rather than the signature sequence of the kth user to produce the despread signal y k (i) [2] . In the Viterbi algorithm for single-user decoding, the branch metric for the state transition of (s i ! s iþ1 ) is given by
is the Euclidean distance between the desired signal and the despread signal, and x k (i) is the codeword corresponding to the state transition. Per-survivor adaptive interference cancellation: In group decoding, a total of K users are divided into G decoding groups among which the gth decoding group has N g users where
Assume that a decoding group has two users and the data bits of each user are encoded by the four-state BPSK space-time trellis code (STTC). Fig. 1 shows the group trellis of the PSAIC decoder for two users. At the ith symbol time of the group trellis, the state transitions of the first user and the second user are denoted by (s 1 The PSAIC decoder performs adaptive interference cancellation during group decoding as it substitutes the error signal for the adaptive interference canceller by the Euclidean distance of the per-survivor. According to the PSAIC path in Fig. 1 , the tap-weight vector of the adaptive interference canceller for the coding to the PSAIC path in Fig. 1 , the tap-weight vector of the adaptive interference canceller for the first user is updated by the adaptive step-size algorithm as follows [3] : The received word of the second user corresponding to the state transition (s 1,iþ1 s 2,i ! s 1,iþ1 s 2,iþ1 ) is decoded by applying the procedure similar to that for the first user to the despread signal of (6).
Simulation results and conclusions: Consider the uplink of the space-time coded DS-CDMA system with K ¼ 4, L ¼ 2, M ¼ 1 or 2, and the Gold sequences of length N ¼ 31 in a Rayleigh fading channel. Assume that the receiver makes perfect estimation on the channel gain and arrival time delay. In simulation the frame has the information data of 260 bits, including padding bits, which are encoded by Gamal's four-state BPSK space-time trellis encoder [1] . Suppose that the normalised fading rate f D T f of the channel is 0.001 and the relative arrival time delay t k is uniformly distributed between 0 and T s . The parameters of the adaptive step-size algorithm are set as a ¼ 0.001, m min ¼ 0 and
The initial values of the adaptive step-size and the derivative vector are set as m 1 Fig. 2 shows the bit error notes of the space-time coded DS-CDMA systems with K ¼ 4, L ¼ 2 and M ¼ 1, 2 for the single-user decoder (single), the conventional group decoder for two users (group), the proposed PSAIC decoder for two users (PSAIC), and the optimum supertrellis decoder (super) in a Rayleigh fading channel. To decode all four users, the supertrellis decoder, group trellis decoder and the proposed decoder require O super ¼ 26 624, O group ¼ 832, and O prop ¼ 1 532 operations per symbol, respectively. Although the supertrellis decoder significantly improves the performance without causing error floor, its computational complexity is prohibitively high. It is shown that the proposed PSAIC decoder outperforms the group decoder while its complexity is much lower than that of the supertrellis decoder. The performance improvement of the proposed decoder becomes more significant as the number of receive antennas increases because the per-survivor processing becomes more stable as antenna diversity gain increases. 
